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(54) METHOD OF DETERMINING CHOLESTEROL CONTENT OF HIGH-DENSITY LIPOPROTEINS 



(57) Disclosed is a method for quantifying choles- 
terol in HDL, which does not require complex fragmen- 
tation and separation operations, and by which the HDL 
cholesterol in test samples containing HDL and other 
lipoproteins such as low density lipoprotein (LDL), very 
low density lipoprotein (VLDL) and chylomicron (CM) 
may be quantified selectively, simply and accurately. 
The method for quantifying cholesterol in high density 
lipoprotein comprises a first step of erasing cholesterol 
in lipoproteins other than high density lipoprotein in a 
test sample, and a second step of adding a surfactant 
which specifically acts on high density lipoprotein to the 
product of the first step and enzymatically quantifying 
cholesterol in high density lipoprotein. 
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Description 



Technical Held 



The present invention relates to a method for quantifying cholesterol in high density lipoprotein (hereinafter also 
referred to as "HDL"). 



Background Art 



It is known that HDL relates to removal of cholesterol accumulated in cells because it receives cholesterol from var- 
ious tissues including walls of Wood vessels with arterial sclerosis, so that HDL is useful for estimating the risk for var- 
ious arterial sclerosises including coronary artery sclerosis, and that its blood level is an indicator for the risk of onset 
of arterial sclerosis. 

Methods for measuring cholesterol in HDL include a method in which HDL is separated from other lipoproteins by 
ultracentrifugation and then the HDL is measured; and a method in which the cholesterol in HDL is separated by elec- 
trophoresis, then the lipid is stained, and the intensity of the generated color is measured. However, these methods are 
complex or a number of samples cannot be assayed, so that they are not commonly used. 

The method for measuring the cholesterol in HDL. which is generally used in the field of clinical test is the method 
in which a precipitating agent is added to the sample so as to coagulate the lipoproteins other than HDL. removing the 
coagulated lipoproteins by centrifugation, and the cholesterol in the resulting supernatant containing HDL alone is 
measured. Although this method is simpler than the ultracentrifugation method and the electrophoresis method, it is not 
satisfactorily simple because it comprises addition of the precipitating agent and subsequent separation, and a compar- 
ative large amount of sample is needed. 

On the other hand, methods in which the cholesterol in HDL is separately quantified by using enzymes have been 
proposed. For example, a method is known, which comprises the steps of preliminarily coagulating the lipoproteins 
other than HDL by an antibody and polyanion. enzymatically reacting the cholesterol in HDL alone, inactivating the 
enzyme and simultaneously re-dissolving the coagulated mass, and measuring the absorbance of the resulting solution 
(Japanese Laid-open Patent Application (Kbkai) No. 6-2421 10). However, this method has a problem in that it is neces- 
sary to add reagents at least three times, so that this method can be practiced only by the limited analyzing appara- 
tuses. Therefore, this method is not widely used. 

Other methods include a method in which an enzyme reaction is carried out in the presence of a bile salt or a non- 
ionic surfactant (Japanese Laidopen Patent Application (Kbkai) No. 63-126498); a more recently developed method in 
which the cholesterol in HDL is specifically trapped by chemically modified cholesterol esterase and/or cholesterol oxi- 
dase in the presence of a clathrate compound such as cyclodextrin (Japanese Laid-open Patent Application (Kbkai) No. 
7-301636); and a method in which the lipoproteins other than HDL are made into aggregates or complexes and then 
the cholesterol in HDL is trapped by an enzyme reaction (Japanese Laid-open Patent Application (Kokai) Nos. 8- 
131 1 97 and 8-201393). However, with these methods, the results for certain samples are different from the results by 
the precipitation method, so that their specificities are problematic. 



Disclosure of the Invention 



An object of the present invention is to provide a method for quantifying cholesterol in HDL, which does not require 
complex fragmentation and separation operations, and by which the HDL cholesterol in test samples containing HDL 
and other lipoproteins such as low density lipoprotein (LDL). very low density lipoprotein (VLDL) and chylomicron (CM) 
may be quantified selectively, simply and accurately. 

The present inventors intensively studied to discover that surfactants which act on HDL but substantially do not act 
on other lipoproteins exist. The present inventors further discovered that HDL cholesterol in test samples containing 
HDL and other lipoproteins may be selectively, simply and accurately quantified by selectively erasing the cholesterol 
in the lipoproteins other than the high density lipoprotein in the test sample and then enzymatically quantifying the cho- 
lesterol originated from HDL in the presence of the above-mentioned surfactant, thereby completing the present inven- 
tion. 

That is. the present invention provides a method for quantifying cholesterol in high density lipoprotein, conprising 
a first step of erasing cholesterol in lipoproteins other than high density lipoprotein in a test sample, and a second step 
of adding a surfactant which specifically acts on high density lipoprotein to the product of the first step and enzymatically 
quantifying cholesterol in high density lipoprotein. 

By the method of the present invention, the cholesterol in HDL in a test sample containing HDL and other lipopro- 
teins such as LDL. VLDL and CM may be quantified selectively, simply and accurately, without complex fragmentation 
and separation operations. 
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Brief Description of the Drawings 

Fig. 1 shows correlation between the amounts of the cholesterol in HDL measured by the method of an example 
according to the present invention and the amounts of the cholesterol in HDL measured by the conventional pre- 
5 cipitation method. 

Fig. 2 shows correlation between the amounts of the cholesterol in HDL measured by the method of another exam- 
ple according to the present invention and the amounts of the cholesterol in HDL measured by the conventional 
precipitation method. 

Fig. 3 shows correlation between the amounts of the cholesterol in HDL measured by the method of a still another 
io example according to the present invention and the amounts of the cholesterol in HDL measured by the conven- 
tional precipitation method. 

Best Mode for Carrying Out the Invention 

is Cholesterds contained in lipoproteins include ester type cholesterol (cholesterol ester) and free cholesterol. In this 
specification, the term "cholesterol" includes both of these unless otherwise specified. 

The test sample subjected to the method of the present invention may be any sample which may contain lipopro- 
teins such as HDL, LDL, VLDL and CM. Examples of the test samples include body fluids such as sera as well as dilu- 
tions thereof, although the test samples are not restricted thereto. 

20 In the first step in the method of the present invention, the cholesterol in the lipoproteins other than HDL in the test 

sample is selectively erased. The term "erase** herein means to decompose the cholesterol and to make the decom- 
posed products undetectable in the subsequent second step. The methods for selectively erasing the cholesterol in the 
lipoproteins other than HDL, that is, in LDL, VLDL, CM and the like include the following methods. 

In the first method, cholesterol esterase and cholesterol oxidase are acted on the test sample in the absence of a 

25 surfactant which acts on HDL, and the generated hydrogen peroxide is removed. By the action of cholesterol esterase, 
the ester type cholesterol in the lipoproteins are hydrolyzed to yield free cholesterol and fatty acids. The thus generated 
free cholesterol and the free cholesterol inherently existing in the lipoproteins are oxidized by the action of cholesterol 
oxidase to yield cholestenone and hydrogen peroxide. The thus generated hydrogen peroxide is removed. Methods for 
removing hydrogen peroxide include a method in which the hydrogen peroxide is decomposed to water and oxygen by 

30 catalase; and a method in which a phenol-based or aniline-based hydrogen donor compound, such as DAOS (N-ethyl- 
N-(2-hydroxysulfoprcpyl)-3,5<iirnethoxyaniline), which reacts with hydrogen peroxide to yield a colorless quinone, is 
reacted with the hydrogen peroxide to convert the hydrogen peroxide to the colorless quinone, although the methods 
for removing hydrogen peroxide are not restricted to these methods. 

In the above-mentioned first step, by carrying out the step in the absence of a surfactant which acts on HDL, the 

35 cholesterol in HDL is not substantially reacted, while the cholesterol in the other lipoproteins such as LDL, VLDL and 
CM are reacted and erased. By this, in the subsequent second step, the cholesterol in HDL is selectively quantified. 

The concentration of the cholesterol esterase in the reaction mixture in the first step may preferably be about 0.2 
to 1 .0 U/ml, and the concentration of the cholesterol oxidase may preferably be about 0. 1 to 0.7 UAnl. The concentration 
of the catalase may preferably be about 40 to 1 00 U/ml and the concentration of the peroxidase may preferably be about 

40 0.4 to 1.0 U/mL The concentration of the compound which yields the colorless quinone upon reaction with hydrogen 
peroxide may preferably be about 0.4 to 0.8 mmol/l. 

The reaction in the first step may preferably be carried out in a buffer with a pH of 5 to 8, and the buffer may pref- 
erably be phosphate buffer, glycine buffer, Tris buffer or Good's buffer. Especially, Bis-Tris, PIPES, MOPSO, BES, 
HEPES and POPSO which are Good's buffer are preferred. The concentration of the buffer may preferably be about 10 

45 to 500 mM. 

To increase the degree of erasing of the lipoproteins other than HDL, divalent metal ion may be contained in the 
reaction mixture. Preferred examples of the divalent metal ion include copper ion, iron ion and magnesium ion. Among 
these, magnesium ion is especially preferred. The concentration of the divalent metal ion may preferably be about 5 to 
200 mM. 

so A lipoprotein hydrolase may optionally be added to the reaction mixture in the first step. Addition of this enzyme is 
preferred because especially the cholesterol in VLDL easily reacts. The concentration of this enzyme in the reaction 
mixture may preferably be about 5.0 to 10.0 U/ml. 

The reaction temperature in the first step may preferably be about 25°C to 40°C. and 37°C is best preferred. The 
reaction time may be about 2 to 10 minutes. 

55 In the following second step, a surfactant which specifically acts on HDL is added to the reaction product of the first 
step, and the cholesterol in high density lipoprotein is enzymatically quantified. The term "surfactant which specifically 
acts on HDL" means a surfactant by which the cholesterol in HDL reacts due to the action of an enzyme such as cho- 
lesterol esterase or cholesterol oxidase (the reaction ratio is not less than 70%, preferably not less than 90%), while the 
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cholesterol in the lipoproteins other than HDL does not substantially react (the reaction ratio is not more than 30% pref- 
erably not more than 20%). Examples of such a surfactant include the surfactants having a hydrophilicity lipophilicity 
balance (HLB) of 13 to 14, especially nonionic surfactants with a HLB of 13 to 14, especially polyalkylene oxide deriv- 
atives. Preferred examples of the derivatives here include condensation products with higher alcohols, condensation 

s products with higher fatty acids, condensation products with higher fatty acid amides, condensation products with 
higher alkylamines, condensation products with higher alkylmercaptane and condensation products with alkyl phenols 
Among the polyalkyleneoxide derivatives, polyethylene oxide derivatives are best preferred. The above-mentioned 
range of HLB may be attained by mixing a plurality of surfactants, and such a mixture of a plurality of surfactants may 
also be used. The method for calculating HLB of surfactants is well-known, and is described in. for example Hiroshi 

io HORIGUCHI. "New Surfactants", 1986, Sankyo Shuppan. ' 

Preferred specific examples of the surfactant include polyoxyethylene lauryl ether, polyoxyethylene cetyl ether 
polyethylene ^ etner ' Polyoxyethylene higher alcohol (C^Cgg) ether, polyoxyethylene octyl phenyl ether, polyox- 
yethylene nonylphenyl ether and the like, although the surfactant is not restricted thereto. 

Although the concentration of the surfactant in the second step is not restricted, it may preferably be 0 05 to 3% bv 
wetght, more preferably 0.1 to 1 .5% by weight based on the total reaction mixture. 

In the presence of the above-mentioned surfactant, the HDL cholesterol in the test sample may be enzymatically 
quantrfied. That is. in the first step, most of the cholesterol in the lipoproteins other than HDL is erased and with the 
synergistic effect with the reaction in the second step, the cholesterol in HDL alone is quantified. 

The method for enzymatically quantify cholesterol perse is well-known in the art. For example, as in the first step 
cholesterol may be quantified by generating hydrogen peroxide from cholesterol ester and free cholesterol by the action 
of cholesterol esterase and cholesterol oxidase, and by quantifying the generated hydrogen peroxide. Quantification of 
hydrogen peroxide may be earned out by, for example, reacting the hydrogen peroxide with a compound which forms a 
quinone pigment, and by measuring the amount of the generated quinone pigment by measuring absorbance or the 

fS^?* unTo,?!^ bS formed b * ** exam P ,e - reactin 9 hydrogen peroxide and 4-aminoantipyrine and 
DAOS or HDAOS (N-(2-hydroxysulfopropyl)-3.5-dimethyoxyaniline). The quinone pigment formed thereby has the max- 
imum absorbance at 593 nm when DAOS is used, and has the maximum absorbance at 583 nm when HDAOS is used 
Although the concentraton of the compound which yields the quinone pigment is not restricted, the concentration of 4- 
amir^rrt-py^ne for example, may preferably be 0.1 to 2.0 mM. more preferably 0.5 to 1.5 mM. and the concentration 
of DAOS or HDAOS may preferably be 0. 1 to 1 .5 mM. more preferably 0.4 to 1 .0 mM. Although the concentration of the 
peroxidase is not restricted, it may preferably be 0.4 to 5 U/ml in the total reaction mixture. Preferred reaction conditions 
(reaction temperature, reaction time, buffer and pH) are the same as the preferred reaction conditions in the first step 
In cases where the generated hydrogen peroxide is decomposed with catalase. a catalase inhibitor such as sodium 
azide is used in the second step so as to inhibit the catalase because it is necessary to inhibit the catalase in the second 
step. 

Examples 



The present invention will now be described more concretely by way of examples thereof, tt should be noted how- 
ever, the present invention is not restricted to the examples below. In the examples below, all "%" are by weight unless 
40 otherwise specif ied. 

Reference Example 1 



45 



SO 



55 



Using samples containing known amounts of purified HDL. LDL, VLDL and CM. respectively, the cholesterol in 
each of the lipoproteins was enzymatically quantified in the presence of a nonionic surfactant Emulgen 91 1 (polyoxyeth- 
ylene nonyl ether. HLB 13.7). Emulgen B66 (polyoxyethylene derivative, HLB 13.2) or a mixture of Emulgen B66 and 
Emulgen A90 (polyoxyethylene derivative. HLB 13.2). all of which are commercially available from KAO CORPORA- 
TION. This operation was carried out as follows. 

To a solution containing 0.5 U/rnl cholesterol esterase. 0.4 U/ml cholesterol oxidase. 0.5 U/ml peroxidase 1 0 
rnmoW 4-armnoantipyrine and 0.5 mmol/l HDAOS in 50 mM PIPES buffer. pH 7.0. Emulgen 911 or Emulgen B66was 
l^fJT OTrK * n * ation °' 01% bv **0ht. or Emulgen B66/Emulgen A90 mixture (9/1) was added to a concentration 
X we,9ht ;, Twent y microliters of each sample was mixed with 2.0 ml of the thus prepared mixture and the result- 
ing mixture was allowed to react at 37»C for 10 minutes, followed by measuring absorbance at 600 nm 

fho rZf fte /f act, ° n ratio < ie - * e ratio of *e quantified cholesterol in the total cholesterol) was about 95% for 
the cholesterol in HDL. and about 18 to 22% for the cholesterols in other lipoproteins 

in* <=™ T^H f 3 " ^ that EmU ' 9en 91 1 • Emu,9en 866 and Emu| 9en B66/Emulgen A90 mixture are within 
the scope of the term surfactant which specifically acts on high density lipoprotein". 
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Example 1 

First reagents and second reagents having the following compositions, respectively, were prepared. 



5 





First Reagents 




PIPES buffer, pH 7.0 


100 mmol/l 


10 


HDAOS 


0.7 mmol/l 




Cholesterol esterase 


0.8 U/ml 




Cholesterol oxidase 


0.5 U/ml 


15 


Catalase 


80 U/ml 


Magnesium chloride 


10 mmol/l 




Second Reagents 




PIPES buffer. pH 7.0 


100 mmol/l 


20 


4-aminoantipyrine 


4.0 mmol/l 




Peroxidase 


2.4 U/ml 




Sodium azide 


0.1% 


25 


Emulgen B66 (HLB13.2) commercially available from KAO CORPORATION 


0.3% 



To each of 4 samples having a volume of 4 uJ containing purified HDL, LDL. VLDL and CM at a concentration of 
1 00 mg/dl, respectively, 300 ul of the above-described first reagents which had been preliminarily warmed at 37°C were 
added and each of the resulting mixtures was allowed to react at 37°C for 5 minutes. Thereafter, 100 *il of the second 

30 reagents were added to each mixture and each of the resultants was allowed to react for 5 minutes, followed by meas- 
urement of absorbance of each reaction mixture at 600 nm. Based on the measured absorbances, the amounts of cho- 
lesterol were calculated and the ratio of the thus calculated amount to the amount of the cholesterol in the sample was 
calculated, which is defined as capture ratio. 

By this method, the hydrogen peroxide produced in the first step is decomposed by catalase. On the other hand, 

35 the hydrogen peroxide generated in the second step forms a quinone pigment by reacting with HDAOS and 4-ami- 
noantipyrine. The results are shown in Table 1. 



Table 1 



Capture Ratio 


CM 


VLDL 


LDL 


HDL 


<1.0% 


<1.0% 


<1.0% 


86.6% 



45 

As shown in Table 1, by the above-described method, most of the cholesterol in HDL is quantified. On the other 
hand, the cholesterol in the lipoproteins other than HDL is not substantially quantified. Thus, it can be seen that the cho- 
lesterol in HDL can be selectively quantified by the method of the present invention. 

so Example 2 

Cholesterol in HDL in test samples was quantified by the same method as in Example 1 except that the test sam- 
ples were sera of normal individuals. On the other hand, the HDL cholesterol in the same test samples was quantified 
by the precipitation method described in "Clinical Tests". 23, 121 (1979). The correlation between the results obtained 
55 by these methods is shown in Fig. 1 . 

As shown in Fig. 1 , the results of the quantification by these methods well matched, so that it was proved that the 
cholesterol in HDL can be accurately quantified by the method of the present invention. 
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Example 3 



The same procedure as in Example 1 was repeated except that the first and second reagents had the following 
compositions, respectively. 



25 





First Reagents 


10 


HEPES buffer, pH 7.0 


50 mmol/l 




DAOS 


1.5 mmol/l 




Cholesterol esterase 


0.8 U/ml 


15 


Cholesterol oxidase 


0.5 U/ml 


Peroxidase 


80 U/ml 




Second Reagents 






HEPES buffer, pH 7.0 


50 mmol/l 


20 


4-aminoantipyrine 


4.0 mmol/l 




Emulgen 91 1 (HLB13.7) commercially available from KAO CORPORATION 


0.3% 



By th.s method, the hydrogen peroxide produced in the first step reacts with DAOS by the action of peroxidase to 
f° ,or,ess ^inone. On the other hand, the hydrogen peroxide generated in the second step reacts the remaining 
DAOS from the f .rst step and with 4-aminoantipyrine added in the second step by the action of peroxidase to fo. m a qui- 
none pigment. The results are shown in Table 2. 



30 



35 



Table 2 



40 



SO 



Capture Ratio 


CM 


VLDL 


LDL 


HDL 


<1.0% 


<1.0% 


<1.0% 


85.3% 



As shown in Table 2, by the above-described method, most of the cholesterol in HDL is quantified. On the other 
hand, the cholesterol in the lipoproteins other than HDL is not substantially quantified. Thus, it can be seen that the cho- 
lesterol in HDL can be selectively quantified by the method of the present invention. 

Example 4 

Cholesterol in HDL in test samples was quantified by the same method as in Example 3 except that the test sam- 
ples were sera of normal individuals. As in Example 2. the HDL cholesterol in the same test samples was quantified by 
45 the precprtat.on method. The correlation between the results obtained by these methods is shown in Fig. 2 

As shown in Fig. 2, the results of the quantification by these methods well matched, so that it was proved that the 
cholesterol in HDL can be accurately quantified by the method of the present invention 



Example 5 

First reagents and second reagents having the following compositions, respectively, were prepared. 



55 
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First Reagents 


BES buffer, pH 7.0 


100 mmol/l 


HDAOS 


0.7 mmol/l 


Cholesterol esterase 


0.8 U/ml 


Cholesterol oxidase 


0.5 U/ml 


Catalase 


100 U/ml 


Magnesium chloride 


18 mmol/l 


Second Reagents 


BES buffer, pH 7.0 


100 mmol/l 


4-aminoantipyrine 


4.0 mmol/l 


Peroxidase 


2.4 U/ml 


Sodium azide 


0.1% 


Emulgen B66 (HLB13.2) commercially available from KAO CORPORATION 


1.17% 


Emulgen B66 (HLB14.5) commercially available from KAO CORPORATION 


0.13% 



25 

To each of 4 samples having a volume of 4 uJ containing purified HDL. LDL, VLDL and CM at a concentration of 
1 00 mg/dl, respectively. 300 ul of the above-described first reagents which had been preliminarily warmed at 37°C were 
added and each of the resulting mixtures was allowed to react at 37°C for 5 minutes. Thereafter. 100 ^l of the second 
reagents were added to each mixture and each of the resultants was allowed to react for 5 minutes, followed by rrteas- 

30 uremerrt of absorbance of each reaction mixture at 600 nm. Based on the measured absorbances, the amounts of cho- 
lesterol were calculated and the ratio of the thus calculated amount to the amount of the cholesterol in the sample was 
calculated, which is defined as capture ratio. 

By this method, the hydrogen peroxide produced in the first step is decomposed by catalase. On the other hand, 
the hydrogen peroxide generated in the second step forms a quinone pigment by reacting with HDAOS and 4-ami- 

35 noantipyrine. The results are shown in Table 3. 



Table 3 



Capture Ratio 


CM 


VLDL 


LDL 


HDL 


<1.0% 


<1.0% 


<1.0% 


98.0% 



45 As shown in Table 3, by the above<iescribed method, most of the cholesterol in HDL is quantified. On the other 
hand, the cholesterol in the lipoproteins other than HDL is not substantially quantified. Thus, it can be seen that the cho- 
lesterol in HDL can be selectively quantified by the method of the present invention. 

Example 6 

so 

Cholesterol in HDL in test samples was quantified by the same method as in Example 5 except that the test sam- 
ples were sera of normal individuals. On the other hand, the HDL cholesterol in the same test samples was quantified 
by the precipitation method described in "Clinical Tests". 23, 121 (1979). The correlation between the results obtained 
by these methods is shown in Fig. 3. 
& As shown in Fig. 3. the results of the quantification by these methods well matched, so that it was proved that the 
cholesterol in HDL can be accurately quantified by the method of the present invention. 
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Claims 



1 . A method for quantifying cholesterol in high density lipoprotein, comprising a first step of erasing cholesterol in lino- 
proteins other than high density lipoprotein in a test sample, and a second step of adding a surfactant which soe- 
h hd % T t nSHy lip0pr0tein <0 thS Pr0duct 01 ^ first ste P 31X1 enzymatically quantifying cholesterol in 



2. The method according to claim 1 . wherein said first step comprises contacting the test sample with cholesterol 
esterase and cholesterol oxidase in the absence of a surfactant which acts on high density lipoprotein, and remov- 
io ing generated hydrogen peroxide. ' w 



is 



30 



35 



40 



45 



50 



55 



3. The method according to claim 1 or 2. wherein said second step comprises adding said surfactant which spec.fi- 
^2. 1 0? 9 P J!?** ,,poprotein t0 P roduct <* first step, and quantifying the hydrogen peroxide gener- 
ated by action of cholesterol esterase and cholesterol oxidase. y 

4 ' HL BtfM JM 4 aCCOrdin9 IO C,aim 3 " 6in Ma surfactan ' whicn specifically acts on high density lipoprotein has 



an 



6. The method according to any one of claims 1 -5, wherein said first step is carried out at a pH of 5-8. 

25 
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